Residual methanol was co-evaporated with toluene (3x10 mL) from Çm f (200 mg, 0.45 mmol).
Anhydrous pyridine (10 mL) was added. DMTCl (305 mg, 0.90 mmol) and DMAP (6 mg, 0.05 mmol)
were added and the solution was stirred for 18 h, after which MeOH (1 mL) was added and the solvent was removed in vacuo. The residue was purified by column chromatography using neutral silica gel (Et3N:MeOH:CH2Cl2; 1:3:96 to 1:10:89) to yield 1 as a yellow solid (246 mg, 73%). 
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Figure S1
. 1 Diisopropylammonium tetrazolide (34 mg, 0.20 mmol) and compound 1 (100 mg, 0.13 mmol) were dissolved in CH2Cl2 (6 mL). 2-Cyanoethyl N,N,N′,N′-tetraisopropylphosphorodiamidite (128 μL, 0.08 mmol) was added and the reaction mixture was stirred for 4 h. CH2Cl2 (15 mL) was added and the organic phase was washed with saturated aqueous NaHCO3 (15 mL), dried over Na2SO4 and the solvent was removed under vacuum. The residue was precipitated by dissolving it in CH2Cl2 (1 mL)
H-NMR (400 MHz
followed by a slow addition of n-hexane (10 mL). The precipitate was further purified by column chromatography using neutral silica gel (Et3N:CH3CN; 0:100 to 10:90) to yield 2 as a yellow solid (58 mg, 46%). RNA synthesis of Çm f -labeled neomycin aptamer N1, purification and characterisation RNA syntheses were performed on an automated ASM800 DNA synthesizer (BIOSSET Ltd., Russia) using phosphoramidite chemistry. 2'-O-TBDMS protected ribonucleoside phosphoramidites were used for all unmodified RNA oligonucleotide positions, purchased from ChemGenes Corp., USA. The activators 5-benzylthiotetrazole and 5-ethylthiotetrazole, acetonitrile for oligomer synthesis and controlled pore glass (CPG) columns (1000 Å) were purchased from ChemGenes Corp., USA. All other reagents and solvents were purchased from Sigma-Aldrich Co. Çm f -modified RNA's were synthesised using phosphoramidites. Since these phosphoramidites have limited solubility in acetonitrile, they were dissolved in 1,2-dichloroethane, at a concentration of 100 mM. 5-ethylthiotetrazole was used as a coupling agent for the phosphoramidites. Coupling time was 20-30 min. For other phosphoramidites, the coupling time was set to 3 min using 5-benzylthiotetrazole (250 mM) as a coupling agent. Oxidation was performed with tert-butylhydroperoxide (1 M) in toluene.
TLC (Et3N/
Capping and detritylation were performed under standard conditions for RNA synthesis with 2'-O-TBDMS phosphoramidites. After completion of RNA synthesis, the oligonucleotides were deprotected and cleaved from the resin by adding a 1:1 solution (2 mL) of CH3NH2 (8 M in EtOH) and NH3
(33% w/w in H2O) and heating for 40 min at 65 °C. The solvent was removed under reduced pressure and the 2'-O-TBDMS-protection groups were removed by incubation in Et3N·3HF (300 μL) for 1.5 h at 55 °C in DMF (100 μL), followed by addition of sterilized and deionized water (100 μL). The resulting solution was transferred into a Falcon tube (50 mL) and the RNA was precipitated with 1-butanol (20 mL) at -20 °C over night. All oligonucleotides were subsequently purified by 20% DPAGE and extracted from the gel slices using the "crush and soak method" with Tris buffer containing 250 mM NaCl, 10 mM Tris, 1 mM Na2EDTA, pH 7.5. The solutions were filtered through 0.45 μm, 25 mm diameter GD/X syringe filters (Whatman, USA) and were subsequently desalted using Sep-Pak cartridges (Waters, USA), following the instructions provided by the manufacturer. Dried oligonucleotides were dissolved in sterilized and deionized water (200 μL for each oligonucleotide).
Concentrations of the oligonucleotides were determined by recording the UV absorbance at 260 nm 
Absorption melting experiments Figure S6 . Absorption of Çm f upon melting of the double-strands. a) ds_AÇm 
%The fitfunction is defined seperatly as meltfit.m: %function Fitting = meltfit(x,lb_x,ub_x) %global ds ss sample %Fitting = sample -((1-x)*ss + x*ds); 
Steady-State emission measurements
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Reduced chi-square (χ
)
In case of the time-resolved emission measurements, the reduced chi-square-value (χ 2 ) is used as measure of the quality of the fit: 
Temperature dependent fluorescence lifetime measurements
The assignment of decay components of the fluorescence lifetime for the labeled RNA double-and single-strands enables a more detailed analysis of the melting process via the temperature dependence of the fluorescence lifetime. Therefore, the samples were heated up in 10°C steps and the fluorescence lifetime was measured for every step.
The compression and discussion of three trajectories of the three lifetime components can be quite complicated for the different samples (see Table S8-Table S15 ). Especially because partial compensation can never be ruled out completely. Hence, the average lifetimes (τav) were calculated for each temperature to quantify the observed effects. For an additional graphical evaluation, the normalized fluorescence decay at 20°C was subtracted from the normalized decay at all other temperatures. The differences were plotted as temperature dependent transient maps. Additionally, a cut through each of these maps at 20 ns was plotted.
Figure S11. Temperature dependent transient maps of fluorescence lifetime measurements on the
Initially, a decrease of the fluorescence lifetime can be observed for all double-and single-strands.
This is true for all decay components and can be explained with increased collisional quenching due to increased movement at higher temperatures. However, the increase varies for the four singlestranded samples (collisional quenching effect: ss_CÇm
is not perfectly linear. Hence, τav is not only affected by collisional quenching. One reason for this order might be intramolecular base stacking interactions and other shielding effects against unspecific solvent interactions. These effects might be bigger in case of neighbouring purine bases, which explains the observed order. The kink in decrease might be due to the break of these effects. Albeit, in this case the pronounced kink for ss_CÇm f C is remarkable, because here one would expect only weak stacking interactions.
Figure S12. Temperature dependent transient maps of fluorescence lifetime measurements on the
For the double-stranded samples the trajectories are more complicated. The τav of the double-strands is decreasing with rising temperature, too. However, near the respective melting temperatures, τav becomes constant or increases again. This effect must be due to the melting of the double-strands and can be observed especially via the overall contribution of the longest decay component τ2, which increases starting from around the melting point of the duplexes. The increasing amount of singlestrands with longer fluorescence lifetimes increases the average lifetime of the melting double-strands sample. For ds_AÇm f A and ds_CÇm f C the increase of τav upon melting is so strong that the effect of the collisional quenching is compensated. For ds_GÇm f G and ds_UÇm f U the increase upon melting and the decrease due to collisional quenching are equally pronounced which leads to roughly steady fluorescence lifetimes starting from the melting point of the samples.
Figure S13. Temperature dependency of the τav for the Çm f -labeled a) single-(ss) and b) double-strands (ds).
In some cases, and after complete separation of the strands the collisional quenching effect dominates again. This leads once more to a decrease of the fluorescence lifetimes. This only can be seen for the samples with low melting points (ds_AÇm f A and ds_UÇm f U). Especially, it is very pronounced for ds_AÇm f A. For the samples with higher melting points, there has still to be compensation between lifetime increase due to higher amounts of labeled single-strands and lifetime decrease due to more collusions at higher temperatures. 
Femtosecond transient absorption spectroscopy
Transient absorption spectroscopy (TAS) of the Çm f -labeled double-strands was performed with a home-built pump-probe setup. (1) As source for the femtosecond laser pulses, an oscillator-amplifier system (CPA-2001, Clark-MXR, Michigan, USA) operating at a repletion rate of 1 kHz (775 nm, pulse width of 150 fs) was used. Excitation at 388 nm was obtained by second harmonic generation (SHG) of the 775 nm beam in a beta-barium borate (β-BaB2O4, BBO) crystal. Probe pulses with a spectral range from 380 nm to 680 nm were generated in a CaF2 crystal. These pulses were split into a signal and a reference beam. For detection, each probe pulse was guided to a spectrograph (HR320, HORIBA, Kyoto, Japan). The signals were detected with the help of a photodiode array combined with a signal processing chip (S8865-128, Hamamatsu Photonics, Hamamatsu, Japan)) and a driver circuit (C9118, Hamamatsu Photonics). For digitalization, a data acquisition card (NI-PCI-6120, National Instruments, Austin, USA) was used. The samples were prepared in UV-grade quartz cuvettes with 1 mm optical path length (21/Q/1, Starna GmbH). To prevent possible reexcitation of already excited molecules, the cuvette was moved in the two directions perpendicular to the excitationpulses. The sample was excited with pulse energies of ≤ 30 nJ in the magic angle (54.7°) to eliminate anisotropy. (2) For all Çm f -labeled double-strands, three different transient absorption signals between 400 nm and 675 nm can be identified, which were very similar to the transient absorption signals of the free label in solution: A positive band is observed between 400 nm and 475 nm and another one between 580 nm and 675 nm. The two bands are attributed to excited-state absorption (ESA). Between the ESA signals, from 475 nm to 580 nm, a negative signal was detected. All three signals appear instantaneously after photoexcitation. As the negative signal coincides spectrally with the steady-state fluorescence even though it is partially compensated by the neighbouring ESA, it is identified as stimulated emission (SE). Due to the high-energy ESA, it is also not possible to see the ground state bleach (GSB) as a negative signal in the transient card. All signals gain intensity within the first 10 ps of the measurement. Thereafter, there is a decay of the signals which is not completed within the measurement window. 
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The Çm f -labeled neomycin aptamer N1 Table S16 . Sequences of the Çm f -labeled neomycin aptamer.
Sample Sequence
Çm f 6 5'-GGC-UGÇm f -UUG-UCC-UUU-AAU-GGU-CCA-GUC-3'
Steady-state emission experiments
The addition of 10 mM MgCl2 and 1 mM spermidine to Çm f 8 (1 µM; with and without neomycin)
increases the fluorescence quantum yield of the sample (Figure S15a) . Nevertheless, the relative fluorescence quantum yield increase upon ligand is not affected by the presence of Mg 2+ and spermidine in this concentration.
The spectral shapes for ss_CÇm f C, ds_CÇm f C and Çm f 22 are all similar to each other with and without neomycin ( Figure S15b) . In Figure S17 and Figure S18 the transient fluorescence signals after stopped-flow mixing of Çm f 6 and Çm f 8 with different concentrations of a neomycin solutions in comparison to fits of the four different kinetic binding models are shown. The fits for the one-step model do not rise fast enough to describe the transients of the lower neomycin concentration. In case of the higher neomycin concentrations the signal rise is to strong and fast. The situation is quite similar in the case of the twostep model without backreaction and in case of the Michaelis-Menten model. Although, in these cases the transients with lower neomycin concentrations are better described as with the one step model. The two-step model with backreactions describes the data quite well. Nevertheless, the fit of the 0.5 eq (Çm f 8) neomycin transient is not perfect. This might be due to additional diffusion effects, which only become important in under equimolar situations. ; ; ; 
DynaFit4 analysis considering a heterogeneous sample
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